Objective: Although our knowledge about how to care for high-risk neonates who require intensive care is continually improving, disparities in health outcomes among various ethnic groups living in developed countries are becoming more evident. The purpose of this study was to identify the risk factors for neonatal intensive care unit (NICU) mortality among Canadian-born minority infants and, furthermore, to determine whether ethnicity was in itself an independent predictor of mortality or major morbidity in the NICU.
Introduction
Overall, Canadian infant mortality rates are among the lowest in the world, 1 but preterm birth rates in North America have been on the rise over the last 20 years. 2 Concerns over the growing rate of prematurity leads to questions about how to best care for these newborns and their mothers, particularly in immigrant or underserved populations where disparities in health delivery or health outcomes may already exist. 3 In the United States, prematurity is reported as the leading cause of neonatal death among African-American newborns. 2 Furthermore, with greater advancements in clinical care available at neonatal intensive care units (NICUs), and thus increasing improvements in neonatal survival, there is also the potential for a growing occurrence of long-term neonatal complications and/or disability. As such, neonatal morbidity serves as an ever more important factor in assessing neonatal health outcomes. The purpose of this study was to identify the role of ethnicity as a risk factor for NICU mortality and morbidity. Furthermore, we wanted to know whether various ethnic groups had different risk factors for NICU mortality and major morbidity.
Materials and methods
National data on high-risk infants admitted to Canadian NICUs were obtained from the Canadian Neonatal Network Database. From October 2002 to December 2004, data were collected for every admission to nine Canadian NICUs. An admission was defined as an NICU stay of at least 24 h or death or transfer to another NICU within 24 h. After accounting for duplications between sites due to readmissions and transfers, there were 6528 infants and 6018 mothers (given that some of these pregnancies resulted in multiple live born infants). Together, the nine units represented centres from each of the five geographic regions of Canada, including British Columbia, the Prairies, Ontario, Quebec and the Atlantic provinces. Each of these geographic regions utilises a system of comprehensive, coordinated health care through a regional network of primary-, secondary-and tertiary-level hospital centres. Each centre received approval for the project from their local Research Ethics Board.
Data were collected at each centre and entered into a customised data entry programme with built-in data quality checks. Study variables were defined according to a standard manual of definitions. For the purposes of this paper, very low birthweight (VLBW) was defined as a birthweight of 1,500 g or less, and small for gestational age (SGA) was defined as birthweight less than the third percentile for gestational age using the sex-based growth charts for the Canadian population. 4 Ethnicity was reported as ethnic race of the mother recorded on the medical record and was categorised as Caucasian, African, East Asian, South Asian (including East Indian and Indo-Canadian), Aboriginal, Hispanic or other.
Major neonatal morbidity recorded included patent ductus arteriosus requiring surgery or medical treatment with indomethacin, necrotising enterocolitis (NEC), severe intraventricular haemorrhage (IVH), retinopathy of prematurity (ROP) and bronchopulmonary dysplasia (BPD). NEC was defined according to Bell's criteria as stage II or higher. 5 Severe IVH was defined as a grade III or IV IVH extending into the ventricles, also including ventricular enlargement, intraparenchymal echodensity and cystic encephalomalacia. ROP was defined as the worst stage in either eye as described by the International Committee on Retinopathy of Prematurity.
6 BPD (also referred to as chronic lung disease) was defined as supplemental oxygen required at 36 weeks corrected age for all infants born at p32 weeks gestation. A 'persistent laboratory bloodstream infection' (also referred to as neonatal sepsis) was defined as two or more cerebrospinal fluid or blood cultures containing the same pure organism more than 7 days, but less than 10 days apart. Two or more positive cultures within 7 days of one another were not considered to be a 'persistent' infection. A complete description of all study variables and data collection protocols can be found in the Canadian Neonatal Network Abstractors Manual. 7 Univariate and bivariate analyses were performed to describe the characteristics of the study population. Multiple logistic regression was used to develop a risk-adjustment model. The outcome in the model was neonatal death or major morbidity. Independent variables included baseline population risks (such as very low birthweight, gestational age, outborn status, young maternal age, and so on). Logistic regression models were considered predictive with a Hosmer and Lemeshow significance test >0.1 and area under the receiver operator curve >0.7. Ethnic groups were compared as dummy variables with the Caucasian race serving as the reference category. All statistical analyses were carried out using the statistical software package SPSS 12.0 for Windows, with significance considered at a P-value of <0.05.
Results
Of the total study population of known ethnicity, 63.5% were of Caucasian origin. Other ethnic groups represented included Aboriginal (14.4%), South Asian (6.1%), East Asian (5.5%), other (4.8%), African (4.1%) and Hispanic (1.7%). Owing to the low proportion of Hispanic ethnicity in the study population, Hispanic infants have been combined together with the ethnic group identified as 'other'. Infant characteristics by ethnic group are presented in Tables 1 and 2 .
Of grave concern is the noted elevation in mortality rate among infants of South Asian origin, which is over three times that of Caucasian infants. Furthermore a greater proportion of South Asian infants were SGA or less than 29 weeks gestation at birth. However, in a risk-adjusted model for NICU mortality, adjusted for SGA, gestational age less than 29 weeks and outborn status, the mortality rate for South Asian race remained significant (Table 3) .
In a comparison of risk-adjusted models for mortality among each of the ethnic groups, there were a number of differences observed in the significance of factors that increased mortality risk. SGA was noted as a significant factor only among Caucasian infants, and only gestational age less than 29 weeks was found to be significant across all ethnic groups (Table 4) .
Adding 'persistent bloodstream infection' as an indicator for mortality changed the model for NICU mortality among African infants, rendering persistent infection the strongest predictor of mortality over and above gestational age less than 29 weeks Abbreviations: BW, birthweight; GA, gestational age; SGA, small for gestational age.
Ethnic differences in the NICU JE Claydon et al (Table 5 ). Persistent bloodstream infection was not significant on univariate or multivariate analysis for any other group. Aboriginal infants admitted to the NICU have a noteworthy large proportion of outborn births (Table 1) . With over 60% of NICU Aboriginal mothers residing in communities that were more than 25 km from the nearest tertiary level NICU, nearly one-quarter of all Aboriginal NICU infants were delivered outside the urban centre where the NICU was located and transported after birth. Overall, Aboriginal infants were at lower risk for neonatal mortality in the NICU; however, they were at greater risk of survival with major morbidity. Aboriginal infants were more than twice as likely as Caucasians to develop NEC even after accounting for differences in risk factors, including SGA and very low birthweight (Table 6 ). In addition, among infants born less than 33 weeks gestation, Aboriginal infants had 1.8 times greater odds of developing severe Table 2 Neonatal outcomes by ethnic group in infants less than 33 weeks Abbreviations: BW, birthweight; CI, confidence interval; OR, odds ratio; SGA, small for gestational age. a Statistically significant at a P-value of <0.05.
Ethnic differences in the NICU JE Claydon et al IVH, despite adjustments for differences in very low birthweight, antenatal steroid use and maternal hypertension (Table 7) . Overall, including multiple measures of morbidity, surviving Aboriginal males and East Asian females were at significantly greater odds of developing at least one major NICU-related morbidity despite adjustment for risk factors (Table 8) .
Discussion
Advances in neonatal intensive care have greatly reduced infant mortality rates. However, infants born SGA are at greater risk for mortality, neonatal morbidity and generally have longer lengths of stay than comparable infants of the same gestational age. 8 Furthermore, extreme prematurity (less than 29 weeks at birth) and outborn status have also been identified as strongly correlated with neonatal mortality in the NICU. 9 However, despite adjusting for these well-known predictors of mortality, South Asian race was still a significant indicator of infant mortality in our model. These results imply that the difference observed in mortality rates between South Asian and Caucasian births is significant over and above the elevated proportion of SGA and extreme prematurity seen in this group.
Furthermore, in stratifying the analysis by ethnicity, we were able to observe that the indicators for mortality varied between ethnic groups. SGA appeared as a significant indicator only among Caucasian infants, but was not identified as an important indicator for mortality among any other racial group. This finding agrees with other evidence suggesting that the growth charts for determining SGA that have been identified for the Canadian population are not culturally sensitive. 10 Thus, differences in growth and development, which may be influenced by ethnic heritage, may be a more important predictor for neonatal survival than size at birth alone.
Although Aboriginal infant mortality rates are substantially higher than the Canadian majority nationally, 2 Aboriginal infants actually demonstrated a lower risk of mortality compared with other groups in the NICU. However, despite this decreased risk for NICU mortality, Aboriginal infants appear to be at significantly greater risk for survival with major morbidity. Aboriginal infants in the NICU demonstrated an elevated risk for developing NEC and IVH even after adjusting for differences in birthweight, size for gestational age, maternal hypertension and antenatal steroid use. Maternal hypertension and antenatal steroid use are both included in the model for severe IVH, not because they represent risk factors for disease, but rather because they demonstrate protective effects resulting in improved neonatal outcomes. 11, 12 Elevated rates of NEC and IVH have also been observed in Alaskan native infants admitted to the NICU in Anchorage. 13 Jacob et al. (2001) attributed these differences in NICU infant outcomes to disparities in access to advanced obstetrical care.
In our study population, Aboriginal infants also represented a much larger rural population compared with other groups. Abbreviations: CI, confidence interval; GA, gestational age; OR, odds ratio; SGA, small for gestational age. a Statistically significant at a P-value of <0.05.
Ethnic differences in the NICU
Therefore, such disparities in morbidity may indeed be indicative of our inability to provide adequate rural health delivery, despite a system of universal health care for all. Further research is required to understand better the risk factors for Aboriginal and rural pregnancies that require postnatal NICU care. Through earlier identification and referral of potentially high-risk pregnancies, rural health care providers could help to ensure maternal transport to a tertiary obstetric centre before delivery. Antenatal maternal transport has been shown to result in improved outcomes for both mother and child.
14 Further evidence of potential racial disparities in health outcomes is noted in the results that identify persistent bloodstream infections as the strongest predictor of mortality among African infants, even greater than extreme prematurity. In 2004, Fiscella 15 reported that racial disparities in neonatal mortality among US African-American infants was a result of elevated rates of preterm birth, fetal growth restriction and neonatal sepsis. Our results suggest that reducing neonatal sepsis among ethnic African newborns may help to alleviate disparities in mortality due to neonatal infection among this group. However, further research is required to confirm this finding, as study numbers for infants of African descent are still small. The decreased impact of small study numbers among some of the smaller ethnic groups in Canada, particularly those of African or Hispanic descent, is one of the limitations of this study. One of the additional problems with studying ethnicity is how to collect and define this variable. Under the current definitions used for the purposes of this study, ethnic groupings considered rather wide geographic areas and assumed that all racial groups are within themselves homogenous, which they are not. Amongst Canadian Aboriginals, wide variations have been reported in the risk for adverse pregnancy outcomes among North American Indian and Inuit women in Quebec. 16 Future studies should look to distinguish ethnic sub-populations to identify specific concerns of these subgroups.
In summary, this study makes an important contribution by demonstrating that there are ethnic disparities in neonatal mortality and morbidity in the NICU and highlights some particular areas for further exploration. Given the increasing evidence that ethnic origin has a significant role to play in neonatal-perinatal health outcomes, challenges to data collection should be addressed. Understanding these disparities is an important step towards improving neonatal outcomes among all ethnic groups.
